ingest raw brown rice. The rice particles in the rice slurry settled to the bottom when 23 the slurry was allowed to remain for several hours. Two conditions, overly fine 24 particles or an increase in the viscosity, suppress the sedimentation velocity of the 25 particles. A separated milling method was established, which reduced the particle size 26 to less than 20 μm. Moreover, the sedimentation velocity decreased exponentially with 27 the viscosity and was steady at more 80 mPa･s when the concentration of xanthan gum 28 exceeded 0.1 wt%. A sensory evaluation indicated a favorable rate of 55.6% for the 29 rice slurry containing 0.3 wt% xanthan gum.
Introduction

34
Rice has been used as a staple food in Japan since ancient times. However, the food states that a reduction in the self-sufficiency rate of Japanese food is a serious 40 problem, and Japan is obligated to ensure the future reliability of the food supply 41 (MAFF, 2011b). A reliable rice supply can mitigate the observed reduction, and an 42 increase in the level of rice consumption is desired. These improvements can be 43 achieved by establishing new demands for rice, instead of rice flour and bioethanol. 44 Thus, "rice slurry" was developed as new liquid food material to replace rice flour. 45 Rice slurry is made from brown rice with wet stone milling. Rice slurry can be used to 46 make processed food for which rice flour is unsuitable, such as pudding, ice cream, 47 and beverages. 48 Brown rice contains multiple functional ingredients: GABA (gamma-aminobutyric aci 49 d), resistant starch, γ-oryzanol, and tocotrienol (Taniguti et al, 2012) . Non-heated raw 50 brown rice is ideal for health because these ingredients can be lost by heat. However, 51 raw brown rice is unfit for consumption because it is too hard. Thus, beverages made 52 from rice slurry were investigated as a way to eat raw rice. The beverage was defined 53 as "rice milk". However, using rice slurry for food materials was difficult because the 54 rice slurry was not physically stable. The rice particles in the rice precipitate when the 55 slurry is allowed to rest for an extended period of time. Equation (1) shows Stokes's 56 law for the sedimentation velocity of particles in a solution.
57
…… Eq. (1) where Vs is the sedimentation velocity, Dp is the particle size, pp and pf are the density 58 of the particles and solution, respectively, g is the gravitational acceleration, and η is 59 the viscosity. The law shows that two conditions, overly fine particles and an increased 60 viscosity, suppress the sedimentation velocity of the particles.
61
In this study, the investigation of the milling conditions was carried out to generate fine 62 rice particles. Also, the effect of a thickener on the physical stability was examined.
63
The milling conditions were defined to result in a particle size of less than 20 μm, 64 which ensures that the particles are fit for consumption (Inoue, 2011 The rice bran slurry was defined as the rice slurry made from the rice bran materials 128 with wet stone milling. The particle size of the rice bran materials was less than 500 129 μm after being separated from the brown rice. Mill B and Mill C fit effectively ground 130 the rice bran to micrometer-sized particles. The rice bran could not be fed with the rice 131 feeder equipment due to its oil content, which made it sticky. Thus, the rice bran 132 materials that were mixed with water were fed with the tubing pump used to feed water.
133
The material feeding rate was set to 40 mL/min, and the milling speed was 50 rpm.
134
Mill A, Mill B, and Mill C were used to investigate the effect of the contact surface. 
Mixed rice slurry and rice milk
137
Brown rice is composed of white rice and rice bran at a ratio of 9:1. The mixed rice 138 slurry was defined a mixture of the white rice slurry and the rice bran slurry at a solid 139 content ratio of 9:1.
140
The rice milk was defined as a mixture of the mixed rice slurry and additional water at 141 a solid:liquid ratio of 1:9, which is the solid:liquid ratio of standard milk. Figure 3 shows the particle size (D50 and D75) of the brown rice slurry produced with 176 different water feeding rates. The particle size correlated positively with the water 177 feeding rate at each material feeding rate. This result suggests that increasing the water 178 feeding rate discharges the rice particles to the outside of the stone mill before they are 179 sufficiently milled. Moreover, these findings suggest that extended milling can 180 effectively refine the particle size. Based on these results, the water feeding rate was 181 set at 40 mL/min. The particles generated with a material feeding rate of 18 g/min were 182 finer than those generated at a water feeding rate of 24 g/min. This difference could be which is 100~400 μm in size (Shoji, 2012) , but bigger than the set point of 20 μm.
198
The D75 value inversely correlated with the milling speed at each material feeding rate. that the principal ingredient of white rice is starch.
210
In contrast, the peak of 153.4μm corresponds to rice bran in the absence of white rice.
211
Refining brown rice to particles smaller than 20 μm appears to be difficult, which 212 complicates the production of slurry from rice bran compared to white rice. 
Effect of the separated milling
215
A fine rice slurry was generated using a separated milling method to mix the white rice 216 slurry and rice bran slurry after separately milling the white rice and rice bran materials.
217 Figure 6 shows the particle size (D50 and D75) of the white rice slurry produced at 218 different material feeding rates. The feeding rate did not significantly affect the particle 219 size. The D50 and D75 particle sizes were confirmed to be 5.0 μm and 8.5 μm, 220 respectively. This result shows that the rice starch was milled to particle sizes near 5.0 221 μm, as mentioned above. contain xanthan gum showed precipitated rice particles after resting for one day.
264
However, this phenomenon was not observed in materials containing xanthan gum.
265
Adding more than 0.1% xanthan gum physically stabilized the rice slurry. 
Conclusions
298
The decreasing consumption of rice is a serious problem in Japan. Thus, a "rice slurry" 299 was developed as a new liquid food material to replace rice flour. We investigated the 300 milling conditions to create fine rice particle smaller than 20 μm and the effects of a 301 thickener to improve the physical stability of the slurry. In addition, this rice milk was 302 subjected to a sensory evaluation.
303
The minimum D50 and D75 of the brown rice slurry were 6.2 μm and 45.4μm, 304 respectively, with a water feeding rate of 40 mL/min and milling speed of 50 rpm.
305
Milling brown rice finer than 20 μm appears to be challenging. Materials that did not contain xanthan gum were rated higher in the sensory evaluation. 314 However, the material that contained 0.3 wt% xanthan gum received the highest 315 favorability rating of 55.6%.
316
The development of "rice milk" is expected to be improved by the addition of flavors 317 and regulation of its composition. 
